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FKDQJH WRRXU URDG WUDQVSRUWSDUDGLJPV DQG WR WDNH WKHPD[LPXPEHQHILWV IURPDQKLJK HOHFWULILFDWLRQ
OHYHORIWKHYHKLFOHVZKLFKDUHXVHGLQDQXUEDQWUDQVSRUWDWLRQVFHQDULR
7KHGULYLQJIRUFHVEHKLQGWKHPRYHWRWKLVVFHQDULRDUH
5HGXFWLRQLQRLOFRQVXPSWLRQ
³:HOOWRZKHHOV´HQHUJ\HIILFLHQF\LVWKHNH\IDFWRU
 3RWHQWLDO HFRQRPLF EHQHILWV DUH VLJQLILFDQW VLQFH LQ (XURSH  RI DOO RLO LV FRQVXPHG E\
WUDQVSRUWVRIZKLFKURDGWUDQVSRUWDWLRQDORQHDFFRXQWVIRURYHU
,PSURYHGVDIHW\RIURDGWUDQVSRUW
5RDGDFFLGHQWVDUHRQHRIWKHPDLQFDXVHRIGHDWKLQWKHXQGHUDJHJURXSEHVLGHV
 (OHFWULILFDWLRQ RIIHUV WKH RSSRUWXQLW\ WR LQFRUSRUDWH UDGLFDO QHZ VDIHW\ SDUDGLJPV ZLWK
LQQRYDWLRQVLQV\VWHPVGHVLJQDQGFRPPXQLFDWLRQVVWUXFWXUHV
5HGXFWLRQLQHPLVVLRQVDQGQRLVHSURGXFHGE\URDGWUDQVSRUW
(QYLURQPHQWDOEHQHILWVLQFOXGLQJPLWLJDWLRQRIFOLPDWHFKDQJHULVNV
3XEOLFKHDOWKEHQHILWV
$FFRUGLQJWRWKH:RUOG+HDOWK2UJDQLVDWLRQQR[LRXVJDVHPLVVLRQVHPLWWHGE\FDUVFDXVHDQ
HYHQKLJKHUQXPEHURIGHDWKVWKDWWKRVHFDXVHGE\URDGIDWDOLWLHV(OHFWULFDOPRELOLW\HOLPLQDWHV
QR[LRXVJDVHPLVVLRQVLQFLWLHV

,Q WKLV FRQWH[W WKH :,'(02% SURMHFW SURSRVHV D QXPEHU RI WHFKQLFDO VROXWLRQV WR EH XVHG DV DQ
RSSRUWXQLW\ WR LPSURYH FRPSHWLWLYHQHVV RQ D JOREDO OHYHO 7KH VWUHQJWKV RI (XURSHDQ LQQRYDWRUV LQ
V\VWHPV GHVLJQ QDQRHOHFWURQLFV DQG V\VWHPV LQWHJUDWLRQ DUH H[SORLWHG WR DVVXUH D VLJQLILFDQW(XURSHDQ
VKDUHRIWKHSRWHQWLDOO\PDVVLYHPDUNHWWKDW LVVHW WRHPHUJHLQWKHFRPLQJGHFDGHV7KLVZLOOEHRIIVHW
DQG LQGHHGFRPSOHPHQWHGE\ WKH VWUHQJWKVRIRWKHU UHJLRQV LQFULWLFDO WHFKQRORJLHV VXFKDVEDWWHULHV
DQG HPRWRUV 7KH GHYHORSPHQW RI WKH SURSRVHG %DVLF %XLOGLQJ %ORFNV ILQG WKHLU PRVW FRQYHQLHQW
DSSOLFDWLRQV LQ WKH VR±FDOOHG FLW\ FDUV ZLWK KLJK HOHFWULILFDWLRQ OHYHO HJ IXOO\ HOHFWULF YHKLFOH UDQJH
H[WHQGHUVSOXJLQK\EULGVEXWLQDGGLWLRQWKHUHVXOWVRIWKHWDUJHWHGUHVHDUFKDQGGHYHORSPHQWDFWLYLWLHV
ZLOODOVRLPSDFWPRUHFRQYHQWLRQDOFDUVKDYLQJLQFRPPRQDUFKLWHFWXUHVIXQFWLRQVDQGVXEV\VWHPV

7KHRYHUDOOV\VWHPVLQWHJUDWLRQWKDWLVJOREDOV\VWHPRSWLPL]DWLRQSOD\VDFUXFLDOUROHLQWKDWSRZHUDQG
HQHUJ\VWRUDJHV\VWHPVVKRXOGSUHIHUDEO\EHHTXLSSHGZLWKDGYDQFHGORFDOPDQDJHPHQWGULYHHOHFWURQLFV
EH FRXSOHG ZLWK GULYH PRWRUV ZLWK HPEHGGHG WRUTXH FRQWURO ZKLOH D FHQWUDO XQLW PDQDJHV SRZHU DQG
HQHUJ\IORZVZLWKLQWKHHOHFWULFGULYHWUDLQ
7KHXUEDQYHKLFOHWKHQFDQEHSOXJJHG±LQWRWKHJULGXVLQJHQHUJ\SURGXFHGIURPGLIIHUHQWVRXUFHVEXW
ZLWKLQ :,'(02% RQH UHOHYDQW SDUW RI WKH UHTXLUHG HQHUJ\ LV JHQHUDWHG RQ ERDUG WKDQNV WR D KLJK
HIILFLHQF\ OLJKWZHLJKWSKRWRYROWDLFPRGXOHFDSDEOHWRSURYLGHXS WRNPDGD\ LQVRXWKHUQ(XURSHDQ
FRXQWULHV

7KH :,'(02% SURMHFW DGGUHVVHV WKH IXWXUH RSSRUWXQLWLHV DQG FKDOOHQJHV RI WKH DXWRPRWLYH E\
SURSRVLQJ WKH GHVLJQ DQG GHYHORSPHQW FULWHULD IRU EDVLF EXLOGLQJ EORFNV RI WKH YHKLFOHV ZLWK KLJK
HOHFWULILFDWLRQOHYHOVXFKDV
 2SWLPLVHG DHURG\QDPLF ERGLHV ZLWK HPEHGGHG V\QWKHWLF PLFURMHWV IRU ERXQGDU\ OD\HU IORZ
FRQWUROWKDWUDGLFDOO\UHGXFHWKHGUDJDWDQ\VSHHGVDHURGUDJUHGXFWLRQXSDWYHORFLWLHVLQ
WKHUDQJHRINPK
 /LJKWZHLJKW DQG ORZ FRVW ERGLHV GHVLJQHG RQ WKH EDVH RI DQ DV\PPHWULFDO VDIHW\ FHOO PDGH
SRVVLEOH E\ DGRSWLQJ D WDQGHP FRQILJXUDWLRQ DQG WZR GRRUV RQ WKH VDPH VLGH DVVXULQJ KLJK
VDIHW\XQGHUERWKIURQWDODQGODWHUDOFUDVKHV%HFDXVHRIWKHORZZHLJKWDQGORZDHURGUDJRIWKH
VHOHFWHG YHKLFOH WKH HVWLPDWHG FRQVXPSWLRQ LV EHORZ:KNP LQ WKH1HZ(XURSHDQ'ULYLQJ
&\FOH³1('&´
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2YHUDOOV\VWHPRSWLPLVDWLRQEDVHGRQGLVWULEXWHGSURSXOVLRQIRUPD[LPXPHIILFLHQF\RI WKHGULYH
WUDLQLQFOXGLQJ
IDLOVDIHGLVWULEXWHGSURSXOVLRQ
HPRWRUDQGHOHFWURPDJQHWLFWRUTXHFRQWURORIWKHZKHHO
LQWHJUDWHGSRZHUHQHUJ\PDQDJHPHQWDQGGLVWULEXWHGEDWWHU\VXSHUFDSDFLWRUSDFNV
WKH FKDOOHQJH IRU WKH HOHFWULF YHKLFOHV WR EH ODUJHO\ XVHG IRU XUEDQPRELOLW\ LV KRZ WR
DFKLHYH KLJKGULYHWUDLQ HIILFLHQF\ DJDLQVW YDULDELOLW\RI GULYLQJ F\FOHVZLWK WKH KLJKHVW
SRVVLEOHHQHUJ\UHFRYHU\GXULQJEUDNLQJ
 $SSOLFDWLRQ RI (OHFWURPDJQHWLF5HOLDELOLW\ (05 (OHFWURPDJQHWLF &RPSDWLELOLW\ (0& DQG
(OHFWURPDJQHWLF)LHOG(0)GHVLJQFRQFHSWVEDVHGRQ³SUXGHQWDYRLGDQFHSUDFWLFHV´IRUILHOG
PLWLJDWLRQ RQ RFFXSDQWV ,Q DGGLWLRQ WR WKH VWULQJHQW UHTXLUHPHQWV RQ (05(0& WKH KLJK
FXUUHQWV DQG YROWDJHV SRVH QHZ SUREOHPV VSHFLILFDOO\ LQ WHUPV RI ORZ IUHTXHQF\ (0)ZKLFK
QHHGVWKHGHILQLWLRQRIQHZGHVLJQFRQFHSWVJXLGHOLQHV
 0RGXODU GHVLJQ DGDSWHG WR ZLGH GULYHUV¶ QHHGV ZLWK HUJRQRPLF RQ ERDUG VSDFH ,W VKRXOG EH
QRWHGWKDWRIWKH(XURSHDQSRSXODWLRQOLYHLQXUEDQDUHDVZKLOHLQWKHZRUOGPRUHWKDQ
RISHRSOHDUHQRZOLYLQJLQPHJDORSROLV8UEDQFRQJHVWLRQLVSULPDULO\GXHWRYHKLFOHVKDYLQJD
VLQJOH RFFXSDQW RQ ERDUG 7KH SUREOHP LV WKHQ KRZ WR GHVLJQ DQ HUJRQRPLF VPDOO YHKLFOH
DUFKLWHFWXUHWKDWLVHDVLO\UHFRQILJXUDEOHWRPHHWWKHZLGHVWSRVVLEOHGULYHUV¶QHHGV
 3KRWRYROWDLFSDQHOVZLWKDGDSWLYHHOHFWURQLF IRUDFRQWLQXRXVRSWLPL]DWLRQRI WKHRXWSXWXQGHU
VKDGRZ FRQGLWLRQV ,W LV HVWLPDWHG WKDW RQ DQ DYHUDJH GD\ LQ VRXWKHUQ (XURSH WKH SURSRVHG
YHKLFOHLVDLPLQJWRH[FHHGNPGD\E\VROHO\XWLOLVLQJVRODUHQHUJ\
 +LJK HIILFLHQF\ DX[LOLDULHV WKDQNV WR WKH XVH RI OLJKWLQJ V\VWHPV ZLWK OLJKW HPLWWLQJ GLRGHV
/('VDQGWKLQLQWHJUDWHGPLFURRSWLFVDQGE\LQIUDUHGGLVWULEXWHGKHDWLQJ

,Q VXPPDU\ IRU D GHILQHG UDQJH WKH HQHUJ\ VDYLQJ UHVXOWLQJ IURP WKH WHFKQRORJLFDO DGYDQFHV RI WKH
:,'(02% SURMHFW ZLOO PDNH LW SRVVLEOH WR UHPRYH WKH PRVW FULWLFDO REVWDFOH IRU D ZLGH PDUNHW
DFFHSWDQFHRIWKHHOHFWULFYHKLFOHVWKDWLVWKHKLJKFRVWRIWKHDFFXPXODWRUEDWWHU\SDFNFXUUHQWO\LQWKH
UDQJH ¼N:K 8VLQJ WKH DYDLODEOH VWDWHRIWKH DUW /L,RQ EDWWHU\ WHFKQRORJ\ :KNJ WKH
:,'(02%SURWRW\SHDVVXUHVDUDQJHRINPZLWKRQO\N:KNJRIDFFXPXODWRUV
5DWLRQDOHIRUDVPDOOYHKLFOH
7RDILUVWDSSUR[LPDWLRQDQGE\QHJOHFWLQJURDGFXUYDWXUHWKHSRZHUUHTXLUHGDWWKHGULYHQZKHHOV3WRWDO
FDQEHH[SUHVVHGDV
IULFWLRQW\UHGUDJDLUJUDGHNLQWRWDO 33333   
ZKHUH3NLQLVWKHSRZHUUHTXLUHGIRUDFFHOHUDWLRQ3JUDGHLVWKHSRZHUUHTXLUHGIRUDJUDGLHQW3DLUGUDJLVWKH
SRZHU FRQVXPHG DV D FRQVHTXHQFH RI RYHUFRPLQJ DHURG\QDPLF GUDJ DQG 3W\UHIULFWLRQ LV WKH SRZHU
GLVVLSDWHGGXHWRWKHUROOLQJUHVLVWDQFHRIWKHW\UHV7KHILUVWWZRWHUPVGHVFULEHUHVSHFWLYHO\WKHUDWHRI
FKDQJHRINLQHWLF.(DQGSRWHQWLDO3(HQHUJ\GXULQJDFFHOHUDWLRQDQGFOLPELQJDQGFDQEHFDOFXODWHG
DVIROORZV     0DYGW0YGGW.(G3NLQ       T0JYGW3(G3JUDGH VLQ  
ZKHUH0 LV WKH PDVV NJ RI WKH FDU Y LV WKH YHORFLW\ PV D LV WKH DFFHOHUDWLRQ PV J LV WKH
JUDYLWDWLRQDODFFHOHUDWLRQ PVDQGWDQTLVWKHJUDGLHQW7KHSRWHQWLDODQGNLQHWLFHQHUJ\DFTXLUHG
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E\WKHFDUDVDUHVXOWRIFOLPELQJDQGDFFHOHUDWLRQFDQLQSULQFLSOHEHUHFRYHUHGE\UHJHQHUDWLYHPHWKRGV
ZKHUHE\WKHPHFKDQLFDOHQHUJ\LVFRQYHUWHGDQGVWRUHGDVHOHFWULFDOHQHUJ\
7KHSRZHUUHTXLUHGLQRYHUFRPLQJW\UHIULFWLRQDQGDHURG\QDPLFGUDJLVLUUHYHUVLEO\GLVVLSDWHGPDLQO\DV
KHDWDQGQRLVHDQGFDQQRWEHUHFRYHUHG6XFKORVVHVFDQEHHVWLPDWHGIURP

 6Y&3 [GUDJDLU U  
T0JY3 IULFWLRQW\UH FRV  P 
ZKHUHPDQG&[DUH UHVSHFWLYHO\ WKH W\UHIULFWLRQFRHIILFLHQWDQGDHURG\QDPLFGUDJFRHIILFLHQWDQGDUH
GLPHQVLRQOHVVU  LV WKHGHQVLW\RIDLU NJPDQG6 WKH IURQWDO FURVVVHFWLRQDODUHD PRI WKHFDU ,I
KGULYHLVWKHRYHUDOOHOHFWULFDOSRZHUWUDLQHIILFLHQF\WKHLQVWDQWDQHRXVWRWDOHOHFWULFDOSRZHUGHOLYHUHGE\
WKHDFFXPXODWRUVKDVWREH
VDFFHVVRULHGULYH
WRWDOUVDFFXPXODWR 333  K 
ZKHUH3DFFHVVRULHVLVWKHSRZHUFRQVXPHGE\HOHFWULFDODFFHVVRU\GHYLFHV

7KH WRWDO HQHUJ\ (WRWDO FRQVXPHG XOWLPDWHO\ GHSHQGV RQ WKH GULYH F\FOH FKRVHQ DV UHIHUHQFH DQG LQ
SUDFWLFHIRUDQ\VSHFLILFF\FOHXSWRRIWKHFRQVXPSWLRQFDQEHDWWULEXWHGWRWKHGULYHU¶VDWWLWXGH

,QWKHIROORZLQJWKH1('&FRQVLVWLQJRIIRXUXUEDQF\FOHVDWDPD[LPXPVSHHGRINPKDQGRQHVXE
XUEDQ F\FOH DW DPD[LPXP VSHHG RI NPK LV FRQVLGHUHG7KLV FKRLFH LVPDGH SXUHO\ IRU UHIHUHQFH
SXUSRVHVDQG LW LV UHFRJQLVHG WKDW µUHDO¶GULYLQJFRQGLWLRQVPD\JLYH UHVXOWV WKDWGLIIHU E\ VRPHGHJUHH
IURPWKRVHSUHVHQWHGEHORZGHSHQGLQJRQFLUFXPVWDQFHV

7RFDOFXODWHWKHHQHUJ\QHFHVVDU\WREHVWRUHGLQEDWWHULHVDVDIXQFWLRQRIYHKLFOHPDVVDQGDHURG\QDPLF
IDFWRU6&[WKHIROORZLQJK\SRWKHVLVLVPDGH
x PRWRULQJDQGEUDNLQJDUHPDGHE\HOHFWULFDOPDFKLQHVKDYLQJHIILFLHQF\PDSV WKDWSURYLGHDQ
DYHUDJHHIILFLHQF\RIRYHUWKHLURSHUDWLQJGXW\
x EUDNLQJ HQHUJ\ LV SUHIHUDEO\ UHFRYHUHG LQWR VXSHUFDSDFLWRUV RU EDWWHULHV ZLWK DQ HIILFLHQF\ RI

x WKH ILUVW SKDVH RI DFFHOHUDWLRQ LQ WKH 1('& F\FOH LV VXSSRUWHG E\ SRZHU IURP WKH
VXSHUFDSDFLWRUV
x HOHFWULFDOFDEOLQJDQGSRZHUHOHFWURQLFVKDYHDQRYHUDOOHIILFLHQF\RI

)LJXUHVKRZVWKHYDULDWLRQRIHQHUJ\FRQVXPSWLRQRYHUDWRWDORI1('&F\FOHVNPZLWKYHKLFOH
PDVVDQG6&[,WFDQEHVHHQWKDWZKLOHDVPDOOVL]HGFDURINJWRWDOZHLJKWDQG6&[ PUHTXLUHV
VRPHN:KRIHQHUJ\D W\SLFDOPHGLXPRU ODUJHVL]HGIDPLO\FDUZHLJKLQJNJZLWK6&[ P
UHTXLUHVN:KRIHQHUJ\²DOPRVWWZLFHDVPXFK7KXVOLJKWZHLJKWYHKLFOHERG\GHVLJQQRWRQO\UHGXFHV
HQHUJ\FRQVXPSWLRQEXWDOVROHDGVWRVLJQLILFDQWO\ORZHUFRVW


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
)LJXUH±,QIOXHQFHRIZHLJKWDQGDHURG\QDPLFVKDSHRQWKHHQHUJ\QHHGHGWRUXQDQHOHFWULFDOHIILFLHQWFDU
(OHFWULFGULYHWUDLQDUFKLWHFWXUH
2QWKHHOHFWULFGULYHWUDLQDUFKLWHFWXUHWKH:,'(02%SURMHFWDGGUHVVHV
x 0RGXODUWUDFWLRQXQLWDVDNH\EXLOGLQJEORFNRIHOHFWULFYHKLFOHSRZHUWUDLQV
x 'HYHORSPHQW RI KLJK SRZHU GHQVH KLJKO\ UHOLDEOH DQG KLJKO\ LQWHJUDWHG WUDFWLRQ GULYH XQLW
FDSDEOHRI KLJK HIILFLHQF\RYHUZLGHRSHUDWLQJ UDQJH LV IXQGDPHQWDO DQGNH\ WR UHDOLVDWLRQRI
DGYDQFHGHOHFWULFYHKLFOHSRZHUWUDLQDUFKLWHFWXUHV
x 0RGXODULW\DQGIOH[LELOLW\LQWUDFWLRQGULYHWUDLQIRUGLIIHUHQWPDUNHWVDQGSURGXFWV
x 6WDQGDUGLVDWLRQWRLPSURYHSURGXFWTXDOLW\DQGUHOLDELOLW\DQGUHGXFHFRVW

)LJXUH:,'(02%YHKLFOHHOHFWULFGULYHWUDLQDUFKLWHFWXUH
)LJXUH  VKRZV WKH VFKHPDWLF RI WKH HOHFWULF GULYH WUDLQ DUFKLWHFWXUH HPSOR\HG IRU WKH :,'(02%
YHKLFOH2QHPRWRULVFRXSOHGWRWKHIURQWD[OHYLDDGLIIHUHQWLDODQGWZRPRWRUVDUHFRQQHFWHGWRWKHWZR
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UHDUZKHHOV LQGHSHQGHQWO\7KHPRGXODU WKUHHPRWRUVDSSURDFKDOORZVD VLPSOHDQG UREXVWPHFKDQLFDO
GHVLJQ ZLWK KLJK HIILFLHQF\ RQ HQHUJ\ UHFRYHU\ SHUIRUPHG E\ WKH WZR UHDU ZKHHOV %HFDXVH WUDFWLRQ
SRZHU LV GLVWULEXWHG WKHSRZHU UDWLQJRI HDFKPRWRU LV UHODWLYHO\ VPDOO DQGKHQFH OLTXLG FRROLQJ LV QRW
QHFHVVDU\)DLOVDIHDQGVLPSOLILHGFRQWURODOJRULWKPVPDNHWKHVROXWLRQDPRQJVWWKHPRVWFRQYHQLHQWIRU
PLFURVPDOODQGPLGVL]HFDUV'LVWULEXWHGIRXUZKHHOGULYHDSSURDFK LVDYLDEOHDOWHUQDWLYH LQ WHUPVRI
SHUIRUPDQFHHIILFLHQF\DQGYHKLFOHVWDELOLW\ZKLOHPDLQWDLQLQJLWVIDLOVDIHRSHUDWLRQLVDJUHDWFKDOOHQJH
:KHQWKHPRWRUDQGGULYHWHFKQRORJ\UHDFKDPRUHPDWXUHOHYHORIGHYHORSPHQWWKHLPSOHPHQWDWLRQRI
LQGHSHQGHQWIRXUZKHHOGULYHDUFKLWHFWXUHPD\OHDGWRDJOREDOO\PRUHHFRQRPLFVROXWLRQWKDQWKHWKUHH
PRWRUGULYHRQHVLQFHDPRWRUZLWKLQWHJUDWHGJHDULVOLNHO\WRFRVWOHVVWKDQDGLIIHUHQWLDO%\HPSOR\LQJ
WKHGLVWULEXWHGSRZHUWUDLQDUFKLWHFWXUHVKRZQLQ)LJXUHWKHHQHUJ\HIILFLHQF\RIWKHGULYHWUDLQFDQEH
VLJQLILFDQWO\LPSURYHG7KLVFDQEHDFKLHYHGLQWZRZD\V

 )LUVWWKHSURSRVHGSRZHUWUDLQDUFKLWHFWXUHSURYLGHVWKHPHDQVWRGLVWULEXWHWKHGULYLQJIRUFHWRUTXHWR
WKH IURQW DQG UHDU ZKHHO GULYHV DFFRUGLQJ WR YHKLFOH RSHUDWLQJ FRQGLWLRQV )RU H[DPSOH GXULQJ
DFFHOHUDWLRQ WKH FHQWUH RI JUDYLW\ RI WKH YHKLFOH ZLOO VKLIW WR WKH UHDU DQG LW ZLOO EH PRUH HQHUJ\
HIILFLHQW WRGLVWULEXWHJUHDWHU WRUTXH WR WKH UHDUZKHHOV WKDQ WR WKH IURQWZKHHOV&RQYHUVHO\GXULQJ
YHKLFOH EUDNLQJ WKH RSSRVLWH WRUTXH GLVWULEXWLRQ VKRXOG WDNH SODFH :KHQ GULYLQJ RQ ORZ IULFWLRQ
VXUIDFHVVOLSSHU\RULF\URDGV LW LVHVVHQWLDO WRJHQHUDWHDSSURSULDWHWUDFWLRQIRUFHDFFRUGLQJWRWKH
VWDWHV RI WKH VXUIDFH DQG W\UHV WR HQVXUH WUDFWLRQ VWDELOLW\ DQG GLUHFWLRQDO FRQWURO 7KXV DGDSWLYH
GLVWULEXWLRQ RI WKH WUDFWLRQ WRUTXHZLOO QRW RQO\ LPSURYH YHKLFOH WUDFWLRQ HIILFLHQF\ EXW DOVR JUHDWO\
HQKDQFHYHKLFOHVDIHW\
 6HFRQGO\ IRUVLQJOHPRWRUGULYHVKRZQLQILJXUHZLGHWRUTXHDQGVSHHGRSHUDWLQJUDQJHUHTXLUHG
IRUHOHFWULFYHKLFOHWUDFWLRQSODFHVVLJQLILFDQWFRQVWUDLQWVRQDFKLHYDEOHHIILFLHQF\7KHKLJKHIILFLHQF\
RSHUDWLQJUHJLRQRIFXUUHQWVWDWHRIWKHDUW WUDFWLRQGULYHV LV LQD UHODWLYHO\QDUURZPLGSRZHUVSHHG
UDQJH+RZHYHUHOHFWULFYHKLFOHPDFKLQHVGXULQJDW\SLFDOXUEDQGULYLQJRSHUDWHIUHTXHQWO\LQWKHORZ
WRUTXHDQGORZVSHHGUHJLRQZKHUHWKHHIILFLHQF\LVPXFKORZHU)LJXUH&OHDUO\WKHUHLVDPLVPDWFK
EHWZHHQ WKH UHJLRQV RI KLJK HIILFLHQF\ DQG KLJK RSHUDWLQJ GXW\ ZLWK WKH VLQJOH GULYH DUFKLWHFWXUH
ZKLFKUHVXOWVLQDORZRYHUDOOHIILFLHQF\KLJKHQHUJ\FRQVXPSWLRQDQGUHGXFHGYHKLFOHUDQJH

:LWK WKH GLVWULEXWHG SRZHUWUDLQ DUFKLWHFWXUH LW LV SRVVLEOH WR GHVLJQ HDFK WUDFWLRQ GULYH ZLWK GLIIHUHQW
WRUTXHVSHHG UDQJHV )RU LOOXVWUDWLRQ SXUSRVH WKH IURQW GLIIHUHQWLDO GULYH LQ )LJXUH  OHIW PD\ EH
GHVLJQHG WR RSHUDWH LQ a USP VSHHG UDQJH ZLWK HIILFLHQF\ PDS VKRZQ LQ )LJXUH  XSSHU ULJKW
ZKLOVW WKH WRUTXH UDQJHRI WKH UHDU GULYH FRXOGEHPXFK ORZHU)LJXUHD ORZHU ULJKW7KH FRPELQHG
HIILFLHQF\PDSRI WKHGLVWULEXWHGSRZHUWUDLQ DVVXPLQJ WKDW WRWDO WUDFWLRQ WRUTXH LV VKDUHG DFFRUGLQJ WR
SHDNWRUTXHUDWLQJRIHDFKGULYHLVVKRZQLQ)LJXUH,WLVHYLGHQWWKDWWKHGLVWULEXWHGSRZHUWUDLQKDVD
PXFK ZLGHU KLJK HIILFLHQF\ UHJLRQ DQG LQ SDUWLFXODU WKH HIILFLHQF\ DW SDUWLDO ORDG LV VLJQLILFDQWO\
LPSURYHG  ,Q DGGLWLRQ WKH GLVWULEXWHG DUFKLWHFWXUH DOORZV PDQ\ RWKHU SRVVLELOLWLHV WR DFKLHYH KLJK
HIILFLHQF\DWSDUWLDOORDGVXFKDV
x RQHPRWRURIIDQGWZRDWKLJKHIILFLHQF\!
x RQHPRWRUDWKLJKHIILFLHQF\!DQGWZRPRWRUVRII
2SWLPDO WRUTXHGLVWULEXWLRQ VWUDWHJLHV FDQEH HPSOR\HG WRDFKLHYHPD[LPXPHIILFLHQF\ RSHUDWLRQ IRU D
JLYHQGULYHFRQGLWLRQDQGJXDUDQWHHLQWKHPHDQWLPHRSWLPDOGULYHDELOLW\
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&RQFOXVLRQV
8UEDQHOHFWULFPRELOLW\QHHGVQHFHVVLWDWHDXWRPRWLYHHQJLQHHULQJUHVHDUFKWRGHYHORSQHZFRQFHSWVDQG
GHVLJQ RI WKH PDLQ EXLOGLQJ EORFNV WR JXDUDQWHH UHOLDEOH DQG FRVW HIIHFWLYH VROXWLRQV IRU YHKLFOH
HOHFWULILFDWLRQ
7KH FRQFHSWV DQG WKH DUFKLWHFWXUH H[SODLQHG DERYH ZLOO EH LPSOHPHQWHG DQG YDOLGDWHG RQ D SURWRW\SH
YHKLFOH LQ WKH IUDPH RI WKH(XURSHDQ IXQGHG:,'(02%SURMHFW WKDWZLOO HQG LQ $Q H[WHQVLYH
WHVWLQJDFWLYLW\ZLOOSURYLGHH[SHULPHQWDOGDWDWRDVVHVVWKHHIIHFWLYHQHVVRIWKHQHZGHVLJQDQGGULYHWUDLQ
DUFKLWHFWXUH

$FNQRZOHGJHPHQWV

7KH:,'(02%SURMHFW LV D(XURSHDQ&RPPLVVLRQ IXQGHG FROODERUDWLYHSURMHFW XQGHU WKH*UHHQ&DU
,QLWLDWLYHWKHPH*&667$GYDQFHGHOHFWULFYHKLFOHFRQFHSWV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